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Introduction 


The inveetivation of brwetdsow pressures of 
lubricating oil films wes em aiteapt 23 evtabdlish a 
defGaite relation between the weffeets of atendy and inter- 
aittent Loses em a bearing. The work wes extendes to ine 
elude tie correéeletion of as wauy of the warletles which 
@nter inte the establishing ont @@intaining Of am oli 
file ws whe potsible. ‘uch om investication had teen 
instituted im i9)1 by Lieutenant 7. 4. Blue, 0. S. Navy, 
oni Lieutenant (Junior erede) 2. lb. Urart, OU. &. avy. 
Gredit ia Gwe them for thetr plonverine work in the con- 
trvetion of the basie machine «coi initiating the test. 
YVeriowg recommendations by Lieutenants Sluw end Dvart for 
mocifications im the mechine ond procedure hays been 
eerried gut insofar as tise and funds heave sernalttead, 

| it *865 necessary to obtain additional e-aipment end 
replace some of the origins] which was mot avatlatic for 
Jur use during thie current year. Caneicsrable time res 
Seent in loeating amd obtaining this equiorment, in sanu-e 
facturing various purte of the appératuse, and in making 


tha varioue soediftesttions, 
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Geseription of a - paratus 


The geehine prover fer tetting the breakiown 
preas@ure of ofl Films congdisets orimseriiy of a teat besre 
ing and aheft, a loeding gectwnise by which the ieadc is 
@palted to the test beering, ¢ aoans of varying tha seg- 
aitude of the lowed, « eechanice! sethed of aiternately 
apalying and relesain; tie load, amd a2 meane of furnish- 
ieg 4 cCORntinucss ant conetemt G@upsiy of imoriesting oii 
to the test beartiag. 

Est _BedtiRe. 

The test Peering fe a brompe @neli with a bet bitt 
liming eporoxigatedy GeliS" in thickness, The sneil was 
arigtesally 4 1/4" is diageter emi 2" in lem th, but hes 
Dean somerhat flattened om the tos te proviee a convenient 
surfiee for egpilestion of the Lowd. The overeail dismeter 
bee bowen further inereased ty the construction of « water: 
jacket of smeet copper seteriai, HaVing a eater auace of 
L/2*. The jacket exteads arownd tue two sidea of tne 
Cirounferene@ «5s shown in Filpure G. it wee net orestieni 
Go extewe the Jacaet compieteiy arcumd tee cireusference 
Gane to the neeetsity of arcolyin-: the Load to the tearH 
iag om the top, ead of imtrocuceing toe iutrieceting aii 
into the Wetring £4 the bottom, A therpewmet rr we.l hs 


Grizlead recdiaily imto the enell, end tangent te ond in 
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with the babbitt as far as preectiesble. The 
babbitt wee turned to a nominal dioweter of 1.996" end 
reemed to cive a .006" dtesetral clesranee on the test 
sheft, An oil groove 1 3/4" long, 3/16 wide, ond i/s* 
@eep was cut axtelly along the bottom of the bearing at 
the point where the lubricating of1 ta introduced. 









The teat shaft ie of case-hardemed stecil, ground 
ene polished to « diarcter of 2.3305" slong its Length. 





It te 22" lows, beth ends extending beyond ite sap ort 
Bearings suffictentiy to persit the installation of «a 
‘Malley on one side and the use of @ head techoweter on 
the otner. The sheft i2 not restrained axiaily, but is 
free to find its own running soaition in the bearing}. It 
iz beltedriven by @ § RP, iZ0 woit, smunt wound, ¢ireet 
eurrent, seter, ap¢ed eontral of which is obteined by 


Means of teo portebio iamo banka in the field cirenit. 





The loging seghuniem consists of savaral garta, 
nomely, @ load ber, four 3/4" steel tie-rede, end « atrong 
baek whieh reesives the locd tramezitted by the tleerois 
frases the ided bar. The strong Deck Loads tne bearing watch 
is Loeated at ite central soint. Am atteupt eas made to 
avold woocentricity of Leading by weing @ 2/6" steel bail 


between the strome beck ant teet bearing. it #28 2oped 
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he 
bearing on the test shaft with & posetels resultent local 
“preekdown of the of] film, In e@@itinn to the ball, turee 


/O® atrips of bekelity were tnaerted between the strong 
‘bark and veering for sleetrie inmuletion. Tro stud bolte 
frum the bearing extewd through tow strong back aeting 
as its verticnl geides, and clvo surve to orevest the 
test bearing fro roteting with the ehaft. 

The Strong beck is nede of wild steci 4* x 2" = 13° 
ened is sufficiently Beavy eo tet ite deflection Gare to 
eenter loeding 12 meglieibie. It is drilied «t exech and 















tO receive tre tic-rods and tranecittet load from the lond 
were It ie aleo driiled to permit the seeakeo of two wil 
eu; feeds to the teat Sheft support beering?s and a rubber 
hose Juryer-eonnsetion between the weter geckets on the 
teo sides of the test bearing. | 

Tee Losd Sar is of @hlé steel @ateriel 2% « i* x 14", 
It was emmealed at 147557. im the electric furnace for ten 
Simutes and then drawn, after as e411 yuench, at 659°F. 
for thirty e@inutes to obtein vufflelent strength to cerry 
& wenter Lead of Si05 pounda riteout taking a permanent 


Set. It wes ext ealibrated in a hend-operated, tensten- 





testing, sachine to abtein & loed-deflection curva. A 
Gial indieator was suitelly gwountec on a@ fist slate 


Gireetly uncer the poetnt cf loecting es taet Ateflectiona 
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of the bar under the vertous Loudings could be sceurately 
eéasured. From these defiections ond the applied Lond, 
&8 oDteined from the teeting mecMine, & load deflection 
eurve wes coustructec. The curve wes wodified te ineludce 
the @¢ignt of the loeGing @echanion, which was $€ 1/2 
pountisa, go thet the eetuci bearing pressure in oownds ser 
Squere inch of projected aren could oy obtained for any 
Gefilection. This curve is enevn im Pigure 46 Gap orts 
ot eesh end of tae Loet ber Pranemit tee Lead to tie tie- 
FUSS. 

fhe ooint of Lomdinyg is tee head of » 7/8° hex- 
ofomnel Bolt seeuret on tue bottom of tle Lever ber. The 
jetter if 2 Specieiiy mechiaed ater, habe fem Srigigei 
@ild ete81 »took 78 x % 1/2" x lo", It de firted at 
one mai vith a 2" cusu-herdened reller fallever which 
remains im comtutt with a reoteting cam. The ievir is 
gupoerted wy tro sering® with suffletent tension te in- 
Sure @ontact betawed 268 aed follower. It ts pivotel et the 
other gai on & piece of 7" sound steei stock so thet 2 
retio of the distance frum the sivet to the rallar to 
the cistanes from the pivot th tne doug bar 164 5 te is 
4p thie wey the loec on the loet bur ie five times the 
etessure which the com suerte on the foliower. 

The enm 14 euae-hardened, cedius sarbdon eteytlie 


it is -* wide enc is Gaetigned te sive « LIfTt of a7 ae over 
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an ere of 130 dugrves. The cum Le rotated thresh 4 
Chevrolet trenamiasion wy @ 2 Gets, Lev Yolt, shunt 
wound, Girect @urreat octor. The latter ts Titaee with 
a field rheestat for speed eorntrel. 2 the transeizssion 
@ilows apeet retios of j:1, 1 t/ath, an® iil, & wide 


recee of apemi for tar eso ie evuliad)a. 





The @¢leaing of am ¢lhwctrieut eciresit by oil fiisz 
brewkGcws Saternin.« tne 0bnt of Bretadom sogiitiones. 
The cireuit oonelsts of four Gry ceile eormected in 
peréilel ef4 is series with a seail 4 velt tert Lewp, an 
Hemeter and © Boiffe ewites, One leet foo: thie ewerdratue 
be taken to ole of the test beerine euxida polite avove 
the #tecoug bece. The otter goer to = Fuktealy sounted 
oopper wire “Dich emaine in cOntect efth the roteting 
test shaft, As long 45 wa Of1 Tile Le meintained Site, en 
tke #hert anc tact Oeariag, the welectriesl cireuit is 
interrupted anf nu current cen flow. At She inetent of 
Oi. file tbraeadown, the cireuit is completo, the Lenp 


Lights, on’ tlhe seweter needle is defieeted. 


wer Ss oF tf 





the 4ubricsmting @11 auggliy is frase « tank ioeetad 
26 feet above the eackine. Tha sil, fhick ts orevieunsiy 
emmitrifuged, L8 reeeivrec st the beariny torough 4 filter 


at @ Preseere OF G25 poumts per semare ine. Tise ser- 
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mitted the teet to be gade rit! only ae Lusricent, the 
eheracteristios of whieh erw here civen. 


TEXACO RAGAL 82° CIL 


Gravity 20k 
Flasn point 265°R, 
(Glee lewd Bren Swe Batnod) 
Fire polnt 415°F 
Viecosity Le Saybolt Seconds 
120°7. 324 Seeonds 
L30°F, 37 seconds 
73°F, LU90 seconds 
Pour point 9°F, 


See Figure 2 for the temperature-viseosity curve 


for this otis 





Proeedurs 


The load car defleetion wes sbtained Prom 
tie Load-def lection caurye for tee bearing pressure to 
be testec. The com was roteted to pive tie maxinam 
@efleetion of the Lever bear, The sdyusting nuts on 
the tioe-rod¢ were then set to <ive the desired deflection 
of t ¢ loed ter. Bhen atjuztaents rere gatisfuctory tie 
tent steft was rotated by ity setor. Cpeed was incressed 
wntil the @yige out of the teat iaxe or zero deflection 
ar the ammeter indicated teef an ii fiim had been ~~ 
tablished, The shaft wat ailored to ran to tneure conatant 


cangittions in the bearics, 2mi them gracsu 


ot 


ily Slored un- 
tii breeagcown of the of) film oceurreda. This was avi~ | 
Gent by the defiretion of the ammeter or flictertag oF 
plowing of time test Lemp. A steady glow, barely vieibie, 
WES arbitrirtivy eseumed toc be tha stint of sreakcoen of 
the aii fLin. Test Journal f.iete Of temperature ef 
the bexring wes obtained for tnis condition. The oro- 
Getiare was pe gated several tistes until gournai Fel ele 
had boom sathafactorily eneeked, 

After obtaining DOresadorn gate for ateaty Load 
eonGition, tye cer Grereting motor wae startet, ond the 
208G aguliet intereittentiy. Fitn each revolution of th 


Sem the load wae altermetaly applied at:d relieved. The 









— = | ° « \ 
ov) aclatte wae cxlpepltnk qt 

Graces oc? svty oS HeOrTey dee eee eT 4 
we ste pokteulse fF we deel eet Te 
coktorlies ev ieet mes evr), of ee et oe 

wit tote allen exre bMcectialhe aul® 

Speers bee Deen So vetom 42d US Seditey Lee Otte tek 
Se ee ee eee 
oes Mahe at dt SO Beet Ccdeciedd wales O61 Fe 
CK oeueL Ot OE Dewees pee fies OT shee 
ome Semele Uleeer, ee Gee one tmm) ee ae seo. tenods 
peek ne ODP cabremees abet ate etl i 
AP OTA mm eee gt 20 ental Ss Se ‘ 

eridiais Werma yrly yoaree 4 wee! Ben? olf Te Reem 
% eels! HH Tale off at ot beeen Cl Pistedere 
Ye B07 ayaa 4 sealed AEN, FAR wit) te 
“etc ee -cel Slice ade Wo Jetinide cow gatenes aol 
eee? 0wL Lifm seek? Keer Rider aoe aomien 
Cnt te KEK PTT RSIES Hey ow 

Se Pte te! ole atebee! piiedates ~wle 

CL ee eee ee 
mit ee Ry ee PEP ctlfesehieveval betes bei 
ee Se) ee Oe) 












a 








Ge 


journal speed was inerwseod until « file was establianad, 
enc than gra¢eally slowed oa before until Tile oresadesn 
oegurrid. 

Date wae taken for Bearing ~vetaures between 
L9G ai $.) counde per scuara ineh of projected bear- 
ime area Tor eteancy and intereittent lesding. Test rune 
were gedc te Jotermine journal epewds at fils bresk- 
down sointe for varbows fretu@neies of loading. Aliso data 
as obtained in am effsrt te ecrrelate beertng temvere- 
ura cms O46] wleecoesity with journaz speed fer « amavent 
loading. 





Loe 
G42 Viseosity ve. Journal Velocity fer Steady Londs 


It 18 sell gnown to #12 Phe Rave observed heavy 
sechinery etart from reset and rum slowly teat frictional 
Teeisctance if grant. hid 18 evident fram the grass 
enaheting from tne besrings, anc tre jerky irrecuier 
motion of the moving parts. Under these conditions there 
ig wetel to cetal eontect and interlocking of tre zinute 
irregularities of the eurfaces. Boundary frictian is 
eeeurring, As speed 13 ineresw@ec, ths groans Decone 
ferer abG less intense, Ont Cinaliy the sove@ewnt iz smooth, 
even, and nolaeless. The viscous rile ef 421 bes been 
formed, perfeet lutirication is ofteined, and a visoous 
Crietion somdition is tee result. Helative savenent af 
the ten surfaces has ballt ap en of] film due to viaeous 
Grag, watil they are entirely sesareted. Under sucs con 
Gitionms friction ie that due to tae resistance to shear 
efiered hy te lutricent. The ve. .we of tris resLletances 
a@sends sven 

ae Vitersity of the Mabrieent 
Re Heletive sowed of the surfaces 
3. d#ren of the surfaces 
4e Thickness of the a1) Film, 
Sinee the frietion ¢f jourmele is erectieelily 


iacepencent of tee load when the seoeed ia aufficient te 
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waintaia a preisure fila between the tro earfaces!, 

4¢ would be valushie to mnow the relation of theme veriabies 
ane to another in estsbli@hking enf welntaining the O11 

fils. dm attest fos Sede te sorrelete tee first tee, 
nemely, the Vieaoaity of te lubrierat een raletive spead 
af ts surfaces. Tite the not wermit an Lovestigeation of 
the effect of yveryving surfece eres and thickness ef oil 
file. -This wight eecitly be Gomes by Uliti¢g test bearings 

ef veriows ienetoe, wend vyeryinye racisi @leeresey reapretive- 
lys Thee remuite of the investig~etion are dhormm if Figure ls 
& logarithmic siot of thease duets snows that journal speed 
varies invergsly as (Viscosity Sapbolt Oniverrai) ++43 

or Journal r.o.t. 2 riety for « constant steady 
Loud. 


ilebrlestion and bubricants. ®. L007. krekbutt end 


lye 





Results 





The results obteined have been divided isto tre 
“welationsnaps ahoen grashically by the curves of figures 
1, 2, and 2h. 

ie Figures 2 ant 2A represent the direct results 
ef the basic tnvestisetion. In Fieure 4h 011 flia break 








Gaem pressures in oounds cer ayuare inch ef projected 





bearing ares aré -Lotted against eorres ondlag gourne: 





épeede im revolutions per sinute. These points were taken 
with the machime operating aot a cam fre ueney of LO ser 
winute, and et pearing temperatures varying from 50° to 
73°F. This curve indicates that the load carrying csasecity 
ef am G11 film eithin 42 bearing of tha type used under eon- 
G@itions of steady loadine is sreeter then toet of ar of1 
Tiism under conditions of intermittent Lomédin.. It is asoted 
thet tne ineresse in breakoown oressures versus journal 
sagece is 2 atraicht lime relationshi: im wech of tiv tro 
types of Llondin . The qurves belme sractiesily yversilel 
Shor thet the bre.kdown ressurs wmmcder steady iocéing ex- 
eecds thet of the intermittest loscdines by ahout 45 eomds 
per sguare ine. In FPirure x the breezdsen preegures in 
pounds ger square ineh of arojeeted becrin, aren are 
plotted against the function "ER", the syzhols of whieh 


nave tne following si. niftesnee: 
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# - absolute vieeosity in centivolees 

R - journal soeed in revolutions ver minute 

P - Deering orereure in counds oer & juaere 

ineh of sgrojeeted area 
(The abasiute viseowity in ecenti ofans wes stained 
by wae of curve 3A, the temyveratere of the beering being 
assumed to *e the siae os *e ter erature of tha o12 Pfiim. 
Tre error imeurred by thia essum, tion is believed te have 
ne effect om the comparative vaitwe of the Fenyults.j) Figure 
# @homs the reletionenis of toe arsekioen presayres for 
the tre types of lostins with tho tenperatare feetor 
corraeted for. Tnet is, 2% eliminstes the eanaibility of 
G@istertiat: due to ehenees in Viscosity resuittaoc from the 
LOOP. variation im benrins tempersture. This curve elso 
Shews the Dreeadorn sreseurg to be greater for steady 
Losding than for ltermitteat loading. 
Ze In Figure 7 viseesity, Saybolt Universal, 

and begrineg temoeratures 11 do rees Fahrenheit were sletted 
arainest journel velocity in fest ner ainute. This curve 
shore tiet ineresses in Desrine teeseratures indicate 
Laver Vvidcostitics end re wire greater jourtiel velocities 
to medutein the oil film under a constant load. (in this 
Gace, the loaii wae TH) “manda -er avuare inch of srejected 
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Libro 
Diseussion of Assults 


i. The Fresults inticetad in Figures ? ant 2h are 
eontrary to gemerally seecested theories se¢ to how the 
breskdown pressures under steedy and intersittent losding 
ehoulc comseré. Arehbutt anc Deeley mana the foliowring 
Statement, "In soee ceases the Losce upon bearings are 
by a0 Senne constent, for the faces often elternatels 
appreech end reeede from saci. otuer. When this is the 
o2aG, amd the altermaticn is very racid, the Seariag will 


earry & very great wetent, for at seach elternetion the 


on the bear wee 

It is =-robeble thet in the eave of intermittent 
ieaGing the leosd es apritied ta the bhearin«c baease eceentrie 
G4@ to & siient angular movweseat of tha ioudineg mechanion 
in the wake of the ijever ber. THis wouls ceuse tie oil 
fils to Oreck €own more  vicklp then if it were «po clied 
through toe oenter of the bearing, 35 in the tase of steniy 
Leading which existed, nore nearly duplicated the ean- 
Sitions found in meny encineerins uses of this trae of Load- 
ing, «8S im @rank pin eng wrist -in bearings. 


igee "Lubrication and Lubricents* ay Arebbutt and 
Deeley. 
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Recommendations 


It is recommended that further investigations 
ef the beMevior of am cL Flim tm « bearing umber Steady 
amc interaittent lonjs be eaonducteyd. In sonmection there- 
with the follow ine suggestions are submitted: 

le The riypteity of that wart of the Losdin. 
mechsnig¢e including the load ber, the rods, and streng beok 
sheaid be improved to provent angular gotion of theses 
perts as tue loes ie a olied. Prise ensuld eliminate ex- 
@essive vibration anc tue poesitility of ecrentrice load- 
ing. 

ee Piner speed acdjutteent of beth tne joarnel and 
Gan Gyeretiag nsters should be secured. Also a witer range 
of geeed controi for the jowrmai oo1erating mater is segensaery 
im order to investigate conditions of lowaing greater then 
oO ibs. jer go. ine 

3. The effeet of freygweney of icecing woon the 
STOnBaoen yressures is utiil wndeterstined and offera an 


Anteresting fileid for further ree¢arch. 


3 


Ae 


oi 


‘o¢ effect of tine of agelication of tae load, 
anc the uge of Verious typen of sile sucgeret other Lines 
of investigation. 

Ss It would be interesting, {f peesib.o, to enusiyze 


the Dreaxin, corn orocess within the fila from the point 
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As oceurred, for tee two condition: of Llesfin., ant te 
fine at whet stage of the prseess seortm, of the 
bearing or seizure is ayt to result. 

This snalysis wight be mage by ase of 6 williauseter 
im the tn@icetir eireait, oroviding delieete speed and 
‘Lont eomteal heve been seeured ai tuere Le very Little 
vibration in the eopurctur, The benrins sheuld be removed 
_ tnd inepeeted Tor seordng after each deaired paiat of bresk- 
@owmm tes been reacned. 
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‘S. Naval Academy made evailebis both the ties aad the 

$8 for this resestch norm, oné whieh eleo supyiled the 
tee neeesoury eotore. 
Me are erestly indebted to &, J. Bradford, 
yr of Machine Devign #t The Pennsyivenia otate 
for his samy halrful sulqestions. 
We #iso wieh ta exerens erutitude to Lb. A. Borgett, 
Professer of Dleetriasl Ealinvertog; FP. C. Sterart, | 
 Agseciate Professor in Charge of the Keenenicol ox olaver- 
ine Leburetery; end ts the Lecartaent of Metellurgy for 
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